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 -&069RO,VVXH
KWWSMFPVRUJXNLVVXHV9RO,VVXHKWPO 
+RPH $ERXW &XUUHQW,VVXH $UFKLYH 6FRSHDQG$LPV *XLGHOLQHVIRU$XWKRUV
6XEVFULEH
9ROXPH,VVXH6HSWHPEHU
8WLOLW\9HUVXV&UHDWLYLW\LQ%LRPHGLFDO
0XVLILFDWLRQ
'XQFDQ:LOOLDPV
.H\ZRUGV
PXVLILFDWLRQVRQLILFDWLRQPDSSLQJVWUDWHJLHVFUHDWLYHHYDOXDWLRQ
$EVWUDFW
6RQLILFDWLRQ WHFKQLTXHVSURYLGHDZHOOGRFXPHQWHGPHWKRGRORJ\ IRUDXGLWRU\GLVSOD\RIGDWDZKLFK
FDQEHSDUWLFXODUO\XVHIXOZKHQFRPELQHGZLWKRWKHUGLVSOD\W\SHVIRUWKHSUHVHQWDWLRQDQGDQDO\VLVRI
FRPSOH[ GDWD VWUHDPV LQFOXGLQJ PXOWLGLPHQVLRQDO GDWD DUUD\V &UHDWLYLW\ LQ VRQLILFDWLRQ RIWHQ
EHFRPHV D IXQFWLRQ RI WKH FKRVHQ PDSSLQJ VFKHPH ZKHUHE\ GHOLEHUDWH VSHFLILFDWLRQ RI GDWD
PDSSLQJWRDXGLWRU\HYHQWVSURYLGHVRSSRUWXQLWLHVWRFUHDWLYHH[SUHVVLRQ7KXVVXFKWHFKQLTXHVFDQ
EH XVHG DV SDUW RI WKH PXVLF FUHDWLRQ SURFHVV LI PDSSLQJ VWUDWHJLHV DUH FDUHIXOO\ GHVLJQHG ZLWK
VSHFLILFPXVLFDORXWFRPHVLQPLQG,QFUHDVLQJO\WKLVSDUWLFXODUW\SHRIVRQLILFDWLRQLVWKHUHIRUHUHIHUUHG
WR DV PXVLILFDWLRQ +RZHYHU WKH FUHDWLYH GHFLVLRQ PDNLQJ SURFHVV LQYROYHG LQ GHVLJQLQJ WKHVH
PDSSLQJVWUDWHJLHVFDQE\LWVQDWXUHFRPSURPLVHWKHSUHVHQWDWLRQRIWKHGDWDLQWHUPVRIDFFXUDF\
DQGSHUKDSVLQWHUPVRIRYHUDOOXWLOLW\7KLVDUWLFOHUHYLHZVDQH[DPSOHRIWKLVZRUNZLWKERWKFUHDWLYH
DQGXWLOLWDULDQHQGVDQGFRQVLGHUVWHFKQLTXHVIRUWKHHYDOXDWLRQRIWKHVXFFHVVYHUVXVWKHXWLOLW\WKDW
PXVLILFDWLRQRIFRPSOH[ELRORJLFDORUELRPHGLFDOGDWDPLJKWDFKLHYHZKLOVWPDLQWDLQLQJWKHQHFHVVDU\
LQWHJULW\RIWKHVRXUFHGDWD
1RWH WKLV ZRUN EXLOGV RQ DQG FRQFOXGHV ZRUN ZKLFK KDV SUHYLRXVO\ EHHQ GRFXPHQWHG DW WZR
LQWHUQDWLRQDOFRQIHUHQFHV ,WWKHUHIRUHLQFOXGHVDFHUWDLQDPRXQWRIGXSOLFDWLRQIURPWKHUHVSHFWLYH
SDSHUVLQYROYHGEXWDWWHPSWVWREULQJWKHILQGLQJVWRJHWKHUDQGDGGUHVVFRPPHQWVIURPSHHUVDWERWK
HYHQWV7KH WRWDO DPRXQW RI GXSOLFDWLRQ LV OHVV WKDQDQG WKH UHOHYDQW SDSHUVDUH FLWHG LQ WKH
SUHVHQWDUWLFOHLQWKHLQWHUHVWVRIIXOOGLVFORVXUH7KHLQWHQWLRQLVQRWWRUHSHDWH[LVWLQJZRUNEXWUDWKHU
WRWLHLWWRJHWKHULQDFRPSOHWHSDFNDJH
,QWURGXFWLRQ
7ROLVWHQWRGDWD«FDQEHDVXUSULVLQJQHZH[SHULHQFHZLWKGLYHUVHDSSOLFDWLRQVUDQJLQJ
IURPQRYHOLQWHUIDFHVWRGDWDDQDO\VLVSUREOHPV

 -&069RO,VVXH
KWWSMFPVRUJXNLVVXHV9RO,VVXHKWPO 
7RKDULDHWDO
3UDFWLFDOVRQLILFDWLRQWHFKQLTXHVVXFKDVWKDW IRXQG LQ WKHHOHFWURFDUGLRJUDPDODUPEHOO WHOHSKRQH
ULQJRULQWHUPLWWHQWSXOVHRIDUDGDUGHYLFHKDYHDOOIRXQGWKHLUXVHVLQWKHPRGHUQZRUOG+HUPDQQ
HWDO9LFNHUV+RZHYHUDVWKHTXRWHDERYHLOOXVWUDWHVDXGLWRU\GLVSOD\RIFRPSOH[GDWD
LVDJURZLQJILHOGZLWKPDQ\H[LVWLQJDSSOLFDWLRQVLQFOXGLQJRSSRUWXQLWLHVIRUQHZXVHUH[SHULHQFHVRU
IRUDSSURDFKHVWRGDWDDQDO\VLVZKLFKPLJKWQRWRWKHUZLVHEHSRVVLEOHVROHO\YLDYLVXDOSUHVHQWDWLRQ
7KHKXPDQDXGLWRU\V\VWHPLVYHU\JRRGDWGHWHFWLQJPLQXWHFKDQJHVLQDXGLRVLJQDOVDQG
FDQDOVRPRQLWRUVHYHUDOSDUDOOHODXGLRVWUHDPVDWRQHWLPH7KLVPHDQVKHDULQJRIIHUVDQ
H[FLWLQJ RSSRUWXQLW\ IRU SDUDOOHO LQIRUPDWLRQ LQWHUSUHWDWLRQ WDVNV WR FRPSOHPHQW H[LVWLQJ
YLVXDOUHSUHVHQWDWLRQDOWHFKQLTXHV
9LFNHUV
,QSDUWLFXODUWKHXVHRIDXGLWRU\GLVSOD\LQELRPHGLFDOGDWDDQDO\VLVLVSURYLQJWREHDIHUWLOHDYHQXHIRU
UHVHDUFK-RYDQRYHWDO9LVLHWDO7KHVHW\SHVRIGDWDVHWVDUHRIWHQKLJKO\FRPSOH[
DQGPD\LQYROYHPXOWLSOHGLPHQVLRQDOLWLHV
$XUDOL]LQJWKHVHGDWDVHWVHQDEOHVFDVXDOOLVWHQHUVWRH[SHULHQFHSDWWHUQVLQWKHGDWDVHWVDVZHOODV
IDFLOLWDWLQJPXOWLPRGDO DQDO\VLV WKDWPLJKW QRW RWKHUZLVH KDYH EHHQ SRVVLEOH E\ VXEMHFW VSHFLDOLVWV
0XOWLPRGDOLW\LVDFRPSOLPHQWDU\KXPDQSHUFHSWXDOSURFHVVZKLFKKDVEHHQSUHYLRXVO\ZHOOH[SORLWHG
E\WKHELRPHGLFDOZRUOG-RYDQRYHWDO0LKDODVHWDO7RKDULDHWDO
'HILQLQJ0XVLILFDWLRQ
7KHLGHDEHKLQGVRQLILFDWLRQLVWKDWV\QWKHWLFQRQYHUEDOVRXQGVFDQUHSUHVHQWQXPHULFDO
GDWDDQGSURYLGHVXSSRUWIRULQIRUPDWLRQSURFHVVLQJDFWLYLWLHVRIPDQ\GLIIHUHQWNLQGV
0LKDODVHWDO
7KHUH LVDVLJQLILFDQWGLIIHUHQFHEHWZHHQSXUHO\XWLOLWDULDQDSSURDFKHVWRDXGLWRU\GLVSOD\DQGPRUH
FDOFXODWHG W\SHVRI VRQLILFDWLRQZKHUHLQ VSHFLILFGDWDWRVRXQGPDSSLQJVWUDWHJLHVDUHHPSOR\HG LQ
RUGHU WR JHQHUDWH VRXQGV DFFRUGLQJ WR DHVWKHWLF LQWHQWLRQV ZKHWKHU WKDW EH DV IXOO\ UHDOLVHG
VRXQGVFDSHV RU LQGLYLGXDO IUDJPHQWV RI SLHFHV )RU D V\VWHPDWLF UHYLHZ RI VRQLILFDWLRQ PDSSLQJ
VWUDWHJLHVDOUHDG\LQXVHZLWKUHDOZRUOGGDWDVHWVWKHLQWHUHVWHGUHDGHULVUHIHUUHGWR'XEXV	%UHVLQ
7KHVHPDSSLQJVWUDWHJLHVFDQEHDSSURDFKHGIURPDSXUHO\FUHDWLYHVWDQGSRLQW LQRUGHUWR
JHQHUDWH LQWHUHVWLQJDHVWKHWLFDOO\FRQYLQFLQJRUHYHQDHVWKHWLFDOO\FKDOOHQJLQJZRUNVRI FRPSXWHU
DLGHGRULQGHHGHQWLUHO\FRPSXWHUJHQHUDWHGFRPSRVLWLRQ,WLVKHUHWKDWZHFDQGUDZWKHGLVWLQFWLRQ
EHWZHHQVRQLILFDWLRQDQGPXVLILFDWLRQ,QDPXVLILFDWLRQWKHGDWDZLOOW\SLFDOO\EHVXEMHFWHGWRDVHWRI
PXVLFDO FRQVWUDLQWV 7KHVHPLJKW LQFOXGH UK\WKPDQG SLWFK TXDQWLVDWLRQ RUPRUH JHQHUDO UXOH VHWV
FRQFHUQLQJ KDUPRQLF SURJUHVVLRQV 0RUH DGYDQFHG V\VWHPV PLJKW LQFOXGH WLPEUDO RU VSDWLDO
PDSSLQJV
,QORQJHUSHUFHSWXDOWHVWVOLVWHQHUVWHQGWRILQGPXVLFOHVVIDWLJXLQJWKDQWHVWWRQHVQRLVHRUVSHHFK
VLJQDOV %LJDQG	3RXOLQ&KDUURQQDW  DQGPXVLILFDWLRQ KDV EHHQ VKRZQ WR IDFLOLWDWH GHHSHU
HQJDJHPHQW ZLWK FRPSOH[ PXOWLGLPHQVLRQDO GDWD LQ SUHYLRXV ELRPHGLFDO DSSOLFDWLRQV 9LVL HW DO
 0RUHRYHU PXVLILFDWLRQ RIIHUV D GLVWLQFW DGYDQWDJH RYHU PRUH GLUHFW PDSSLQJV DV PLJKW EH
H[KLELWHG LQ D VRQLILFDWLRQ V\VWHP LQ WKDW OLVWHQHUV DUH W\SLFDOO\ YHU\ IDPLOLDU ZLWK WKH SURFHVV RI
OLVWHQLQJ WRPXVLF LQ WKHLUHYHU\GD\ OLYHVDQG WKHUHIRUHDFHUWDLQDPRXQWRISUHWUDLQLQJ LQ WHUPVRI
 -&069RO,VVXH
KWWSMFPVRUJXNLVVXHV9RO,VVXHKWPO 
FRUUHODWLQJGDWD WR OLVWHQHU UHVSRQVHVFDQEHDVVXPHGRQ WKHSDUWRI WKH OLVWHQHUDVDXWRPDWLFDQG
LQWXLWLYH SURFHVVHV 7KLV FRXOG DOVR EH VHHQ DV D KLQGUDQFH LQ WKDW OLVWHQHUV ZLOO DOPRVW FHUWDLQO\
H[KLELWVRPHGHJUHHRIH[SHFWDWLRQELDVZLWKUHJDUGVWRZKDWWKH\KHDUZLWKLQWKHFRQWH[WRIFUHDWLYH
DSSURDFKHV WR FRPSXWHU PXVLF JHQHUDWLRQ )RU H[DPSOH OLVWHQHUV PD\ KDYH VLPLODU RYHUDUFKLQJ
FULWHULD WKDW WKH\ H[SHFW ZRXOG FRPELQH WR PDNH ³SOHDVDQW´ VRXQGLQJ PXVLF ³3OHDVDQW´ LV D
FKDOOHQJLQJKLJKOHYHOGHVFULSWRU=ZLFNHU	)DVWOSURSRVHGWKDWSOHDVDQWQHVVLVFRPSULVHGRI
DQ LQWHUUHODWLRQVKLSEHWZHHQVKDUSQHVV URXJKQHVV IOXFWXDWLRQ VWUHQJWKDQG WRQDOQHVV WKRXJK WKLV
PRGHO RI VHQVRU\ SOHDVDQWQHVV GLVFDUGV WKH OLVWHQHU¶V SUHFRQFHSWLRQV UHJDUGLQJ WKH SHUFHLYHG
VRXUFHVRUPHQWDODVVRFLDWLRQVRIVWLPXOXVVRXQGV± LQRWKHUZRUGV WKLVSHUVSHFWLYHDFNQRZOHGJHV
WKDW OLVWHQHUVZLOO EH SUHMXGLFHG WR FHUWDLQ W\SHV RI VRXQG DERYH DQG EH\RQG WKHLU SXUH DFRXVWLFDO
SOHDVDQWQHVVWKHUHIRUHSOHDVDQWQHVVPD\KDYHDGXDOLW\RIPHDQLQJWRVRPHOLVWHQHUV5LWRVVD	
5LFNDUG=ZLFNHU	)DVWO
$W D ORZHU RQWRORJLFDO OHYHO OLVWHQHUVPLJKW KDYH FHUWDLQ KDUPRQLF H[SHFWDWLRQV DV DUH FRPPRQO\
H[KLELWHG LQ WUDGLWLRQDO PRGXODWLRQ F\FOHV DQG FDGHQFHV ± SKHQRPHQD ZKLFK KDYH EHHQ ZHOO
GRFXPHQWHGE\WKHPXVLFSV\FKRORJ\UHVHDUFKFRPPXQLW\+XURQ-DQDWD6HDUVHWDO
7KHVHH[SHFWDWLRQVDIIRUG WKHGHVLJQHURI WKHPXVLILFDWLRQV\VWHP WKHRSSRUWXQLW\ WRH[SORLW
WKHPIRUFUHDWLYHHQGVSHUKDSVE\SURYLGLQJVXUSULVHV\QFKURQRXVO\ZLWKDQXQH[SHFWHGFKDQJH LQ
WKHDXUDOL]HGGDWDVWUHDP,QRUGHUWRDFKLHYHDVXFFHVVIXOPXOWLPRGDOHQJDJHPHQWWKHPDSSLQJWR
PXVLFDO IHDWXUHV VKRXOG EH FRQJUXHQW ZLWKRXW EHLQJ GLVWUDFWLQJ VXFK WKDW WKH DXGLWRU\ VWLPXOXV
DXJPHQWV WKH YLVXDO DQDO\VLV 7KHUH LQ WKH FUHDWLYH GHFLVLRQPDNLQJ SURFHVV EHJLQV WKH WUDGHRII
EHWZHHQWKHXWLOLW\RIWKHDXGLWRU\GLVSOD\DQGWKHPXVLFDOLW\RIWKHUHVXOWLQJFUHDWLRQ,IZHFRQVLGHU
WKHRYHUDUFKLQJPDSSLQJVWUDWHJ\ WRKDYHKLHUDUFKLFDO OHYHOVSHUKDSVZLWKVWUXFWXUHDW WKH WRSDQG
LQGLYLGXDO DXGLWRU\ IHDWXUHV DW WKH ERWWRP WKHUH DUH VRPH OHYHOV ZKLFK H[KLELW D GLUHFW FRUUHODWLRQ
EHWZHHQXWLOLW\DQGPXVLFDOLW\5HWXUQLQJWRWKHH[DPSOHRISOHDVDQWQHVVH[SORUHGDERYHZKLFKFDQ
EHFRQVLGHUHGDSHUFHSWXDODWWULEXWHLQERWKDPXVLFRORJLFDOVHQVHGHULYHGIURPVWUXFWXUDOIHDWXUHV
VXFKDV UHSHWLWLRQPRGHRU WHPSRDQGDSV\FKRDFRXVWLFVHQVH GHULYHGE\VRPHFRPELQDWLRQRI
VSHFWUDODQGWHPSRUDOIDFWRUVRUDVDQDWWULEXWHLQDXWLOLWDULDQVHQVHDPRUHJHQHULFOLNHRUGLVOLNHLQ
WKHOLVWHQHU)RUDQH[DPSOHRIWKHODWWHULPDJLQHEHLQJDGDWDDQDO\VWZKRUHOLHGRQDXGLWRU\GLVSOD\
WRDXJPHQWRUHQWLUHO\ UHSODFHD YLVXDO GDWD UHSUHVHQWDWLRQ WKLVPLJKWPHDQEHLQJH[SRVHG WR WKH
DXGLWRU\GLVSOD\IRUHLJKWRUPRUHKRXUVLQDZRUNLQJGD\(YHQDQHFGRWDOO\LWLVQRWGLIILFXOWWRVHHKRZ
WKLV FRXOG EHFRPH WLUHVRPH IRU WKH OLVWHQHU LI WKH GHVLJQ RI WKH DXGLWRU\ GLVSOD\ GLG QRW LQFOXGH D
FHUWDLQ GHJUHH RI QRYHOW\ DQG WKXVPLJKW EHPRUH RI D KLQGUDQFH WKDQ D KHOS DV WKH LQFOXVLRQ RI
QRYHOW\IRULWVRZQVDNHPLJKWEHFRXQWHUWRDQDFFXUDWHUHSUHVHQWDWLRQRIWKHDFWXDOGDWDSDUWLFXODUO\
LQ FDVHV RI UHDO WLPH ELRPHGLFDO GDWD DQDO\VLV ± WKLV FRXOG EH FRQVLGHUHG WR EH DQ LQGLFDWRU RI
FRPSURPLVHGXWLOLW\RQWKHSDUWRIWKHDXGLWRU\GLVSOD\GHVLJQ
$XWKRUVKLS&UHDWLYLW\DQG&ULWHULDIRU8WLOLW\
,QRUGHU WR FRQVLGHUXWLOLW\ LQDPXVLILFDWLRQ WKHFRQWH[WRI WKHGDWDVHWPXVWEH UHFRQFLOHGZLWK WKH
FUHDWLYHLQWHQWLRQVRIWKHFRPSRVHU±RUGHSHQGLQJRQRQH¶VZLGHUSKLORVRSKLFDOSHUVSHFWLYHRQWKH
QDWXUHRIDXWKRUVKLSRIPXVLFZKLFKKDVEHHQPHGLDWHGDWVRPHSRLQWLQLWVJHQHUDWLRQE\FRPSXWHU
V\VWHPVWKHV\VWHPGHVLJQHU7KLVLVVXHKDVEHHQH[SORUHGLQVRPHGHSWKE\FRPSRVHUVZKRFUHDWH
PXVLFLQWKLVPDQQHUIRUH[DPSOH'DKOVWHGWZKRIHOWVRPHFRQIOLFWLQWKLVUHJDUG
,KDYHDVOLJKWIHHOLQJ,GLGQRWZULWHWKDWPXVLFDQG\HW,DPTXLWHVXUHQRRQHHOVHGLG,
GHVLJQHG WKH DOJRULWKP LPSOHPHQWHG LW DQG FKRVH WKH SDUDPHWHUV DQG VWLOO , IHHO
DOLHQDWHG
 -&069RO,VVXH
KWWSMFPVRUJXNLVVXHV9RO,VVXHKWPO 
'DKOVWHGW
'HVLJQLQJ WKH FRPSOH[LW\ RI LQWHUDFWLRQV EHWZHHQ DJHQWV LV D FRPSRVLWLRQDO DFW
HPSKDVLVWKLVDXWKRU
(LJHQIHOGW
5HJDUGOHVV RI WKH SKLORVRSKLFDO SRVLWLRQ UHJDUGLQJ DXWKRUVKLS ELRPHGLFDO VRQLILFDWLRQ DQG
PXVLILFDWLRQ V\VWHPV DUH DGGLWLRQDOO\ JRYHUQHG E\ FHUWDLQ FRQVWUDLQWV ZKHQ FRQWUDVWHG ZLWK VROHO\
FUHDWLYHV\VWHPV6SHFLILFDOO\WKHSULQFLSOHRISULPXPQRQQRFHUHUHGLUHFWO\IURPWKH/DWLQ³ILUVWO\GR
QRWKLQJQR[LRXV´RUPRUHFROORTXLDOO\ LQPRGHUQPHGLFLQH ³GRQRKDUP´DSSOLHV± LQRWKHUZRUGV
DQ\ DXGLWRU\ GLVSOD\PXVW QRW LQYDOLGDWH RU LQWHUIHUH ZLWK H[LVWLQJ VXFFHVVIXO GDWD UHSUHVHQWDWLRQV
DQGWKHLUFRUUHVSRQGLQJDQDO\VLVWHFKQLTXHV,QWKHFDVHRIWKHH[DPSOHDERYHLQWURGXFLQJQRYHOW\
ZKHUH WKHUH LV QRQH LQ WKH GDWDVHWPLJKW FDXVH KDUP D GLVWUDFWLRQ RU SHUKDSV D IDOVH GLDJQRVLV
FRPSURPLVLQJ SULPXP QRQ QRFHUH 6LPLODUO\ ZH FRQVLGHU LW HVVHQWLDO WKDW WKH DXGLWRU\ GLVSOD\ LV
SHUFHSWXDOO\SOHDVDQW WR OLVWHQ WR IRU ORQJSHULRGVRI WLPH:HDUH OHVVFRQFHUQHGDERXWSURFHVVLQJ
RYHUKHDGUHDOWLPHLPSOHPHQWDWLRQDWWKLVVWDJHLVQRWFULWLFDOEXWWKLV LVDSSOLFDWLRQGHSHQGHQW LQ
WKHFRQWH[WRIDFRPSXWDWLRQDOO\H[SHQVLYHVRQLFDODUPIRUH[DPSOHSURFHVVLQJWLPHDQGRWKHUVXFK
IDFWRUVZRXOGKDYHDQLQIOXHQFHRQWKHXWLOLW\RIWKHDXGLWRU\GLVSOD\ZKHUHLQDVORZDODUPZRXOGEH
D[LRPDWLFDOO\LQDSSURSULDWH
,Q WKH FRQWH[W RI D V\VWHP IRU PXVLI\LQJ KLJKWKURXJKSXW KRORJUDSK\ YLD KLJKWKURXJKSXW )RXULHU
WHFKQLTXHV WR DOORZ FHOOOHYHO PRYHPHQW WR EH VWXGLHG LQ WZR DQG WKUHH GLPHQVLRQV VXFK DV WKH
PDODULDSDUDVLWHVRIWKHJHQXV3ODVPRGLXPLQDEORRGVDPSOHRU(FROLLQGULQNLQJZDWHU:LOVRQHW
DO:LOVRQHWDOZHFDQGHULYHWKHIROORZLQJFULWHULD
%H FDSDEOH RI LQGLYLGXDO DXGLWRU\ SUHVHQWDWLRQ RI ZDYHOHW IHDWXUHV IUHTXHQF\ DPSOLWXGH
SKDVH
%H DEOH WR SURYLGH FOHDU DXGLWRU\ GLVFULPLQDWLRQ EHWZHHQ GLIIHUHQW GLUHFWLRQV RIPRWLRQ LQ WKH
GDWDVHWHJFORFNZLVHRUDQWLFORFNZLVHPRYHPHQW
%HFRPSXWDWLRQDOO\LQH[SHQVLYHSRUWDEOHHQRXJKWRUXQRQEDWWHU\SRZHUHGGHYLFHVLQILHOG
%HDXGLEO\³SOHDVDQW´LQWKHXWLOLWDULDQVHQVHGLVFXVVHGDERYH
'RQRKDUP±EHFRPSOLPHQWDU\ WRDQ\YLVXDODQDO\VLVZLWKRXWFRPSURPLVLQJ WKHXVHRIDQ\
YLVXDODQDO\VLVWRROV
3UHYLRXV:RUN
3UHYLRXVZRUNKDVSUHVHQWHGRQHVXFKPXVLILFDWLRQRIELRPHGLFDOGDWDVSHFLILFDOO\3EHUJKHLPLFUR
RUJDQLVPPRWLOLW\DVVKRZQLQKLJKUHVROXWLRQ'KRORJUDSK\:LOOLDPV	:LOVRQD7KLVV\VWHP
DGGUHVVHGDPXVLILFDWLRQRIWKHPRYHPHQWRIDHXNDU\RWHSDUDVLWH3EHUJKHLIURPWKH3ODVPRGLXP
JHQXV3EHUJKHLLVDIRUPRIWKHJHQXVWKDWWUDQVSRUWVPDODULDEXWZKLFKFDQQRWLQIHFWKXPDQVDQG
FDQWKHUHIRUHEHXVHIXOZKHQPRGHOOLQJWKHWUDQVPLVVLRQRIPDODULDXQGHUODERUDWRU\FRQGLWLRQV7KH
3EHUJKHLPDOHLVDQLVRODWHGIODJHOOXPWKDWH[KLELWVDVZLPPLQJEHKDYLRXULQ1HZWRQLDQIOXLGVZLWKD
FKDUDFWHULVWLFDQWLFORFNZLVHPRWLRQ7KLVFDQEHSUREOHPDWLFWRDQDO\VHYLVXDOO\SDUWO\GXHWRWKHVR
FDOOHGELVWDELOLW\YLVXDOLOOXVLRQ3DUNHU	.UXJZKLFKLVDZHOOGRFXPHQWHGGLIILFXOW\LQYLVXDOO\
GLVFULPLQDWLQJ EHWZHHQ FORFNZLVH DQG DQWLFORFNZLVH GLUHFWLRQV RI PRYHPHQW ,Q WHUPV RI DXGLWRU\
SHUFHSWLRQWKLVSUREOHPLVLQVRPHUHVSHFWVDQDORJRXVWR'HXWVFK¶VWULWRQHSDUDGR['HXWVFK
)ODJHOODU PRYHPHQW SUHVHQWV D UHODWHG FKDOOHQJH LQ WKDW WKHLU PRYHPHQW SDWWHUQ LV QRW UHDGLO\
UHVROYHGLQWZRGLPHQVLRQV7KXV'KRORJUDSK\RIIHUVWKHRSSRUWXQLW\WRFDSWXUHWKHHQWLUHW\RIWKH
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IODJHOODU PRYHPHQW LQ D PDQQHU WKDW LV VLPLODU WR ZDYHOHW WUDQVIRUPV LQ WKH DXGLWRU\ GRPDLQ
UHSUHVHQWDWLRQVLQFOXGHIUHTXHQF\DPSOLWXGHDQGPRVWLPSRUWDQWO\SKDVHDOORZLQJIRUWKHIXOOZDYH
WREHFDSWXUHGDQGUHFUHDWHG 7HFKQLTXHVIRUGHULYLQJRWKHUW\SHVRIVRXQGWUDQVIRUPDWLRQVEDVHG
RQWKHVHSURSHUWLHVDVH[WUDFWHGE\KRORJUDSK\KDYHDOVREHHQGRFXPHQWHGRXWVLGHRIWKHUHDOPRI
DXGLWRU\GLVSOD\2OLYHURHWDO
7KHQH[WVHFWLRQSUHVHQWVDQRYHUYLHZRIDPXVLILFDWLRQV\VWHPWKDWFRQIRUPVWRWKHVHFULWHULDDORQJ
ZLWKDVXPPDU\RIDQHYDOXDWLRQRILWVXWLOLW\
6\VWHP2YHUYLHZ
7KHEDVLFSUHPLVHRIWKHPXVLILFDWLRQLQWKLVV\VWHPLVWKDWDPXOWLPRGDOUHSUHVHQWDWLRQRIWKHIODJHOODU
PRYHPHQWPLJKWXOWLPDWHO\EHRIXVH IRUH[DPSOH LQILHOG WRDLGGHWHFWLRQDQDO\VWVDVVXPLQJWKDW
WKH DXGLWRU\ GLVSOD\ ZLOO QRW FRPSURPLVH WKH YLVXDO DQDO\VLV LQ DQ\ ZD\ DQG ZLOO DLG SHUFHSWXDO
GLVFULPLQDWLRQ LQ WKH FDVH RI YLVXDO ELVWDELOLW\ GLIIHUHQWLDWLQJ EHWZHHQ FORFNZLVH DQG DQWLFORFNZLVH
PRYHPHQW LQ WKH GDWDVHW $VZHOO DV WKH LQWHQWLRQ IRU DPXOWLPRGDO UHSUHVHQWDWLRQ RI WKH GDWDVHW
WKHUH LV DOVR WKH SUDFWLFDO SRVVLELOLW\ RI D ³KDQGVIUHH´ DSSOLFDWLRQ LQ GLIILFXOW HQYLURQPHQWV IRU
H[DPSOH DQDO\VLQJ ZDWHU SXULW\ DW WKH VRXUFH ³LQILHOG´ 7KXV WKH PXVLILFDWLRQ ZDV GHVLJQHG WR
LQFOXGHDOOWKHVDOLHQWIHDWXUHVRIWKHYLVXDODQDO\VLV
7KHFRPSOHWHV\VWHPLVGHWDLOHGLQ:LOOLDPV	:LOVRQEEXWWKHPXVLFDOIHDWXUHJHQHUDWLRQZLOO
EH VXPPDUL]HGKHUH IRU WKH UHDGHU¶V HDVH IRU IXOO GHWDLOV RI WKH VSDWLDOLVDWLRQ DOJRULWKPDQGRWKHU
GDWD WUHDWPHQWV WKH UHDGHU LV UHIHUUHG WR WKH UHIHUHQFH DERYH 7KH VLJQDO IORZ RI WKH V\VWHP LV
LOOXVWUDWHG LQ )LJ ZKLFK VKRZV WKH GDWD VWUHDPEHLQJ VSOLW LQWR IUDPHV IRU DQDO\VLV$V QRWHG LQ
6HFWLRQ  WKH VRXUFH GDWD LV VWRUHG DV D VHULHV RIZDYHOHWV D IRXUYDOXH DUUD\ FRQWDLQLQJ WLPH
IUHTXHQF\DPSOLWXGHDQGSKDVH7KHVHYDOXHVDUHXVHG WRGHWHUPLQHQRWHSLWFKHVGXUDWLRQVDQG
UK\WKPLFSURSHUWLHV LQRUGHU WRJHQHUDWHFRPSOHWHPXVLFDOSDVVDJHV3LWFKYDOXHVDUHTXDQWLVHG WR
VFDOHV DQG PRGHV VR WKDW FKDQJHV LQ WKH GLUHFWLRQ RI PRYHPHQW FDQ EH UHSUHVHQWHG E\ PXVLFDO
PRGXODWLRQV7KHUHVXOWLQJPXVLFDOSDVVDJHVFDQEHJHQHUDWHGIURPWKHGDWDLQGLUHFWV\QFKUHVLV
WRWKHYLVXDOLVDWLRQRIIODJHOODUPRYHPHQW
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)LJXUH2YHUYLHZRIV\VWHPVLJQDOIORZ0XVLFDOIHDWXUHVDUHGHULYHGRQDIUDPHE\IUDPHQ
EDVLVTXDQWLVHGDQGVXEMHFWWRSLWFKPRGXODWLRQDVQHFHVVDU\DQGUHQGHUHGDVDPXVLFDO
SHUIRUPDQFHYLDDVRXQGV\QWKHVLVHU,QWKHGHFLVLRQER[GLDPRQGVKDSHGHQFORVXUHWKHFXUUHQW
IUDPHLVFRPSDUHGZLWKWKHSUHYLRXVIUDPHWRGHWHUPLQHZKHWKHUWKHUHKDVEHHQDFKDQJHLQWKH
GLUHFWLRQRIIODJHOODUPRYHPHQWIURPFORFNZLVHWRDQWLFORFNZLVHRUYLFHYHUVDWKHGLVFRYHU\RI
ZKLFKZLOOWULJJHUDPRGXODWLRQKRUL]RQWDOPRYHPHQWLQWKHIORZFKDUWEHIRUHWKHPXVLILFDWLRQ
FRQWLQXHV
3LWFK'XUDWLRQDQG'\QDPLF0DSSLQJV
7KHILUVWPDSSLQJLQRXUH[DPSOHPXVLILFDWLRQLVWRSLWFKHV3LWFKHVDUHDVVLJQHGRQDIUDPHE\IUDPH
EDVLV DFFRUGLQJ WR D ZHLJKWLQJ VFDOHG IURP  IURP WKH GDWD LQ HDFK IUDPH 0HORGLHV DUH
DFKLHYHG E\ QRQOLQHDUO\ PDSSLQJ WKHVH YDOXHV WR 0,', QRWHV LQ D VHULHV RI DVFHQGLQJ FKURPDWLF
VFDOHVRYHURFWDYHV(YHQDWWKLVHDUO\VWDJHWKLVFRXOGDUJXDEO\UHSUHVHQWDPXVLILFDWLRQDVHDFK
IUDPHKDVD UHVXOWLQJSLWFK LQGH[ DQGDGHULYDEOHDEVROXWH IUHTXHQF\EXW WKH UHVXOWLQJQRWHVDUH
FORVHUWRDOLQHDUVRQLILFDWLRQZKHQWKH\DUHQRWIXUWKHUTXDQWLVHGWRVSHFLILFNH\VDQGSLWFKUDQJHV
$QH[DPSOHRIUHVXOWLQJSLWFKLQGH[DQGRFWDYHQXPEHUIURPIUDPHZHLJKWLQJVDUHVKRZQLQ7DE
7DEOH3LWFKPDSSLQJIURPDVPDOOVDPSOHRIIUDPHZHLJKWLQJVDGDSWHGWR0,',YDOXHVZLWKD
UDWLRRIDQGVXEVHTXHQWO\DVFULEHGDSLWFKLQGH[DQGRFWDYHQXPEHU
6HFRQGO\ GXUDWLRQ IHDWXUHV DUH FDOFXODWHG IURP WKH DYHUDJH VKLIW EHWZHHQ HDFK IUDPH ZKHUHE\
ODUJHUVKLIWVDUHUHSUHVHQWHGE\ORQJHUQRWHYDOXHV$JDLQWKHUHLVDFRPSURPLVHWREHPDGHE\WKH
GHVLJQHUEHWZHHQD OLQHDU XWLOLWDULDQDSSURDFKDQGDPRUH FUHDWLYHPDSSLQJZLWK VSHFLILFPXVLFDO
LQWHQW ,Q WKLV FDVH D VHW RI ILYHGLVFUHHW GXUDWLRQVZDVGHILQHG LQRUGHU WRREWDLQPRUH FRQVLVWHQW
UK\WKPLF SDWWHUQV 7KH YDOXHV IRU HDFK IUDPH DUHPDSSHG WR ILYH GXUDWLRQV LQPLOOLVHFRQGV ZKLFK
FRUUHVSRQGWRWKHYDULRXVQRWHYDOXHVDWEHDWVSHUPLQXWH$VVKRZQLQ7DEDSUDFWLFDOUDQJH
RIPXVLFDO QRWH YDOXHV FDQ EH DFKLHYHG LQ WKLVPDQQHU EXW DPRUH FRPSOLFDWHGPDSSLQJ VFKHPD
ZRXOGEHUHTXLUHGLQRUGHUWRDFKLHYHGRWWHGQRWHVDQGRWKHUUK\WKPLFDUWLFXODWLRQV
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7DEOH'XUDWLRQPDSSLQJDFFRUGLQJWRDYHUDJHVKLIWDFURVVDVDPSOHRIIUDPHVDGDSWHGWR
PXVLFDOYDOXHVDWESP
7KHGXUDWLRQYDOXHVFDQEHVXEMHFWWRDGGLWLRQDOTXDQWLVDWLRQWRILWVSHFLILFWLPHVLJQDWXUHVDQGDUH
WKHQ FRPELQHG ZLWK WKH SLWFK PDSSLQJV WR FUHDWH UK\WKPLF IHDWXUHV 7KH GXUDWLRQ TXDQWLVDWLRQ LV
VSHFLILHGZLWKDXWLOLWDULDQLQWHQWVXFKWKDWQRWHVWUHDPVDUHVXEMHFWHGWRDQLQFUHDVLQJO\ODUJHDPRXQW
RI UK\WKPLFTXDQWLVDWLRQ LQVHTXHQFHVZHUH WKHUH LV OLWWOHRUQRPRYHPHQW LQD IUDPHFUHDWLQJ ORQJ
QRWHGXUDWLRQVDQGOHJDWRHQYHORSHVZKLFKDUHXVHGWRFUHDWHFKRUGV,QDFKRUGLQVWDQFHDOORIWKH
QRWHVIURPDVXEVHTXHQWVWUHDPDUHVXPPHGDQGSOD\HGVLPXOWDQHRXVO\7KHDPRXQWRITXDQWLVDWLRQ
LVJUDGXDOO\UHGXFHGZKHQPRUHPRYHPHQWLVSUHVHQWLQWKHGDWDVHW
7KLUGO\DPSOLWXGHHQYHORSH LVGHWHUPLQHGDFFRUGLQJ WRDFRQYROXWLRQRI WKHZHLJKWLQJ IDFWRU Q IRU
HDFK IUDPHZLWK WKH ILQDO YDOXH ] LQ WKHGDWD VRXUFH WKHZDYHOHW DPSOLWXGH IRU HDFK NWK IUDPH
YHORFLW\Y ]QN$VZLWKWKHGXUDWLRQPDSSLQJDQXPEHURIPXVLFDODPSOLWXGHHQYHORSHVFDQEH
DFKLHYHG LQ WKLV PDQQHU EXW PRUH FRPSOLFDWHG HQYHORSH DUWLFXODWLRQV IRU H[DPSOH VWDFFDWR
PDUNLQJVZRXOGUHTXLUHIXUWKHUOHYHOVRIPDSSLQJ
7KH UHVXOWLQJ PHORGLHV FRXOG WKHQ EH SHUIRUPHG E\ GLJLWDO V\QWKHVLV RU UHQGHUHG DV D VFRUH IRU
KXPDQSHUIRUPDQFHEXWLQWKLVVFKHPDWKH\DUHIXUWKHUPHGLDWHGE\SLWFKTXDQWLVDWLRQE\PHDQVRI
DQDOJRULWKPWKDWPDSVWKHLQFRPLQJQRWHVWRYDULRXVPRGDOVFDOHV7KLVIHDWXUHZDVLPSOHPHQWHGLQ
RUGHUWRDGKHUHWRWKHIRXUWKDQGILIWKV\VWHPFULWHULD WKHUHTXLUHPHQWWREHERWKDXGLEO\³SOHDVDQW´
DQGFRPSOLPHQWDU\WRDYLVXDODQDO\VLVSULPXPQRQQRFHUHXQGHUWKHSUHPLVHWKDWPRVW OLVWHQHUV
ZRUNLQJZLWKWKLVW\SHRIWRROLQWKHUHDOZRUOGZRXOGILQGWRQDOPXVLFERWKIDPLOLDUDQGOHVVGLVWUDFWLQJ
IURP WKHYLVXDOVWLPXOXV WKDQ IRUH[DPSOHFKURPDWLF WZHOYHWRQHRURWKHUVWUXFWXUDO UXOHVHWVZKLFK
PLJKWSHUKDSVFUHDWHPRUHDWWHQWLRQJUDEELQJPXVLFDOZRUN6LPLODUO\ZHUHO\RQWKHDVVXPSWLRQWKDW
WKH HQG OLVWHQHU ZLOO KDYH SUHFRQFHLYHG QRWLRQV DERXW WRQDO PXVLF WKDW ZLOO DLG WKH XWLOLW\ RI WKH
PDSSLQJ LI WKHVH H[SHFWDWLRQV DUH LQFRUSRUDWHG DQG FRPSURPLVHG LQ WKH FDVH RI FDXVLQJ DODUP
7KHUHIRUH LIDQ\DOWHUDWLRQ LQFORFNZLVHDQWLFORFNZLVHPRWLRQ LVGHWHFWHG LQ WKHVZLPPLQJPRWLRQRI
WKHIODJHOODUDVSHFLILFSLWFKPRGXODWLRQLVHQJDJHGVHH:LOOLDPV	:LOVRQDIRUIXOOGHWDLOVRI
WKLVSURFHVV7KHPRGXODWLRQLVFOHDUO\DXGLEOHWRWKHOLVWHQHUDQGFUHDWHVGHOLQHDWLRQLQWKHGDWDVHW
LQRUGHUWRSURPSWIXUWKHUYLVXDODQDO\VLV
7KXVWKLVV\VWHPZDVFDSDEOHRIJHQHUDWLQJQRYHOPXVLFDOVFRUHWRV\QFKURQRXVO\DFFRPSDQ\D'
YLVXDOGLVSOD\IURPWKHIODJHOODUPRWLOLW\([DPSOHVFRUHVDUHSUHVHQWHGLQ:LOOLDPV	:LOVRQE
$XGLRH[DPSOHPXVLILFDWLRQRIIUDPHVRI3EHUJKHLPRWLOLW\GDWDUHQGHUHGDVDXGLRYLDDYLUWXDOSLDQR
YRLFH
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&ULWHULDDQGPHWKRGRORJLHVIRUHYDOXDWLRQRIDXGLWRU\GLVSOD\YDU\'HJDUDHWDO+HUPDQQHW
DO9RJWHWDODQG LQGHHGHYDOXDWLRQVRIPDSSLQJVWUDWHJLHVDUHQRWRIWHQSHUIRUPHG
'XEXV	%UHVLQ7KHODFNRIDXQLYHUVDOPHWKRGIRUHYDOXDWLRQLVDFRQWULEXWRUWRWKLVSUREOHP
,EUDKLPHWDOEXWV\VWHPVZKLFKGRQRWGLUHFWO\UHTXLUHXWLOLW\FUHDWLYHDSSURDFKHVKDYHQR
H[SOLFLW QHHG RI HYDOXDWLRQ RWKHU WKDQ WKDW RI WKH GHVLJQHUV RZQ DHVWKHWLF JRDOV 8QOLNH D VROHO\
FUHDWLYHPXVLILFDWLRQWKLVV\VWHPZDVDOVRGHVLJQHGZLWKVRPHGHOLEHUDWHO\XWLOLWDULDQDSSOLFDWLRQVLQ
PLQG DV RXWOLQHG LQ UHVSRQVH WR WKH FULWHULD IRU XWLOLW\ 7KHUHIRUH DPHWKRGRORJ\ IRU HYDOXDWLQJ WKH
SRWHQWLDORIWKHV\VWHPZLWKUHJDUGVWRWKLVIXQFWLRQDOLW\ZDVUHTXLUHGLQRUGHUWRGHWHUPLQHWKHDFWXDO
XWLOLW\RIWKHV\VWHP
7KHV\VWHPZDVVXEMHFWHG WRDQDO\VLVE\PHDQVRIDPXOWLFULWHULDGHFLVLRQDLGDIWHUSUHYLRXVZRUN
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 LQ UHDO WLPH E\ DSSO\LQJ VHOHFWLYH
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